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Abstract
Objective: The	study	aimed	to	evaluate	site-	specific	recurrent	patterns	via	com-
peting	risks	analysis	and	hazard	function	to	provide	evidence	for	adjuvant	treat-
ment	and	follow-	up	for	early	staged	endometrial	cancer	(EC).
Methods: A	total	of	858	patients	with	International	Federation	of	Gynecology	
and	Obstetrics	stage	I–	II	EC	who	received adjuvant	radiotherapy	at	our	institu-
tion	(2000–	2017)	were	included.	The	radiotherapy	modality	comprised	external	
beam	radiotherapy	(EBRT)	with	or	without	vaginal	brachytherapy	(VBT)	or	VBT	
alone.	Competing	risks	analysis	and	hazard	rate	function	were	employed	to	evalu-
ate	the	recurrence	rate	according	to	the	ESMO–	ESGO–	ESTRO	risk	classification.
Results: The	5-	year	overall	survival	rates	of	the	low-	risk	(LR),	intermediate-	risk	
(IR),	high–	intermediate	risk	(HIR),	and	high-	risk	(HR)	groups	were	96.1%,	95%,	
93%,	 and	 89.7%,	 respectively	 (p  =  0.018).	 Sixty-	eight	 patients	 developed	 recur-
rence.	The	5-	year	incidence	of	distant	recurrence	was	the	highest	in	the	HR	group	
(14.87%),	followed	by	the	HIR	(7.71%),	IR	(5.27%),	and	LR	(1.26%)	groups	(Gray's	
test,	p < 0.001).	The	LR	and	IR	groups	showed	late	metastasis	behaviors	for	dis-
tant	metastasis.	The	HR	group	presented	a	large	magnitude	of	distant	metastasis	
with	an	early	peak	that	increased	beyond	3 years.	Subgroup	analysis	revealed	that	
EBRT±VBT	tended	to	reduce	the	locoregional	relapse	rate	compared	with	VBT	in	
the	HIR–	HR	group	(2.36%	vs.	7.73%,	Gray's	test,	p = 0.08).
Conclusion: The	 established	 competing	 risk	 modeling	 demonstrated	 different	
recurrence	patterns	across	the	risk	groups	and	radiotherapy	modes.	A	better	un-
derstanding	of	the	change	in	site-	specific	recurrence	behavior	allows	more	tar-
geted	adjuvant	treatment	and	surveillance	regimens.
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1 	 | 	 INTRODUCTION

Endometrial	 cancer	 (EC)	has	been	one	of	 the	most	com-
mon	 malignant	 gynecological	 tumors.1	 Although	 around	
75%	of	EC	is	diagnosed	at	an	early	International	Federation	
of	Gynecology	and	Obstetrics	 (FIGO)	(2009	International	
Federation	of	Gynecology	and	Obstetrics)	stage	with	a	com-
paratively	ideal	prognosis,	recurrence	still	occurs	in	patients	
treated	with	surgery	and	adjuvant	therapy.2	Recurrent	tu-
mors	lead	to	a	significantly	reduced	survival	rate,	with	the	
5	-	year	overall	survival	(OS)	decreasing	to	55%	for	pelvic	re-
currences	and	17%	for	extrapelvic	recurrences.2	The	overall	
recurrent	rate	for	early	stage	EC	is	about	15%.3,4	However,	
recurrent	ECs	have	been	reported	to	be	heterogeneous	rep-
resenting	diverse	pathological	types,	tumor	aggressiveness,	
and	treatment	responsiveness,	especially	in	the	early	stage	
patient	group.5	And	the	adjuvant	treatment	and	follow-	up	
schemes	for	EC	patients	after	adjuvant	treatment	are	incon-
sistent	across	the	guidelines.6,7

Previous	studies	have	shown	that	recurrence	is	influenced	
by	several	clinicopathologic	factors,	such	as	lymph-	vascular	
space	invasion	(LVSI),	FIGO	stage,	depth	of	myometrial	in-
vasion	(MMI),	differentiation	grade,	and	histology	types.5,8–	10	
Also,	 patients	 receiving	 different	 radiotherapy	 modalities	
also	have	shown	different	recurrence	behavior.5,9

Since	early	stage	ECs	have	a	relatively	longer	survival	
period	and	recurrence	event	varies	considerably	over	time,	
evaluation	of	recurrence	profiles	is	crucial	to	predict	prog-
nosis	 and	 guide	 surveillance.11	 However,	 seldom	 studies	
investigated	 the	 site-	specific	 recurrence	 patterns	 over	
time.	Recurrence	patterns	depicted	by	hazard	function	can	
reveal	how	risk	changes	over	time	and	is	affected	by	treat-
ment	 interventions.12	 Site-	specific	 recurrence	 profiles	 of	
different	 radiotherapy	modalities	according	 to	European	
Society	for	Medical	Oncology	(ESMO)–	European	Society	
of	Gynecological	Oncology	(ESGO)–	European	Society	for	
Radiotherapy	&	Oncology	(ESTRO)	classification	remain	
unclear,	and	there	 is	a	 lack	of	homogenized	cohort	vali-
dation	with	similar	adjuvant	treatment	regimen	aimed	at	
early	stage	ECs.

The	present	study	aimed	to	evaluate	the	survival	out-
comes	and	clarify	initial	failure	patterns	by	competing	risk	
analysis	and	hazard	 rate	 function,	 thus	providing	useful	
prognostic	evidence	and	helping	 to	guide	 individualized	
targeted	follow-	up	schemes.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Patients

Patients	with	2009	FIGO	stage	I–	II	EC	were	analyzed	be-
tween	January	2000	and	December	2017	at	Peking	Union	

Medical	College	Hospital.	All	enrolled	patients	completed	
post-	surgery	 adjuvant	 radiotherapy.	 Patients	 were	 ex-
cluded	 if	 they	 were	 previously	 diagnosed	 with	 another	
malignant	tumor,	did	not	complete	adjuvant	treatment,	or	
had	an	 insufficient	 follow-	up	of	 less	 than	3 months	and	
loss	of	clinicopathological	data.

2.2	 |	 Treatment and follow- up

All	the	patients	were	performed	with	preoperative	clini-
cal	evaluation	including	pelvic	and	abdominal	computed	
tomography	 (CT),	 magnetic	 resonance	 imaging	 (MRI),	
ultrasonography,	bone	scintigraphy,	and	positron	emis-
sion	 tomography	 (PET)	 with	 the	 fluorodeoxyglucose	
(18F)	 to	 confirm	 the	 status	 of	 lymph	 node	 metastasis.	
Surgical	 treatment	 included	 a	 total	 hysterectomy	 and	
unilateral	 or	 bilateral	 salpingo-	oophorectomy	 with	 or	
without	 pelvic	 and	 para-	aortic	 lymph	 node	 dissection.	
Patients	 with	 confirmed	 negative	 preoperative	 lymph	
nodes	 and	 did	 not	 undergo	 lymph	 node	 staging	 would	
be	classified	into	the	cN0	group.	Patients	with	confirmed	
lymph	 node	 metastasis	 would	 undergo	 lymphadenec-
tomy	 or	 suspicious	 lymph	 node	 biopsy	 and	 would	 be	
categorized	into	the	pN0	group	after	pathological	confir-
mation	of	negative.

Adjuvant	radiotherapy	including	external	beam	radio-
therapy	(EBRT),	vaginal	brachytherapy	(VBT)	alone,	or	a	
combination	of	both,	was	administered	to	all	enrolled	pa-
tients.	EBRT	was	delivered	to	the	pelvic	area	using	a	total	
dose	of	45–	50.4 Gy	in	23–	28	fractions	with	the	intensity-	
modulated	 radiotherapy	 (IMRT)	 technique,	 or	 three-	
dimensional	conformal	radiotherapy	(3D-	CRT)	modality.	
High-	dose	rate	brachytherapy	was	delivered	with	a	vagi-
nal	cylinder	to	the	upper	part	of	the	vagina.	Regimens	in-
cluded	5 Gy	per	fraction	in	five	to	six	fractions	prescribed	
to	5 mm	below	the	vaginal	surface	in	postoperative	VBT	
alone.	When	VBT	 was	 used	 in	 combination	 with	 EBRT,	
doses	of	5 Gy	per	fraction	in	two	fractions	were	applied.	
The	decision	of	chemotherapy	depended	on	the	surgeon's	
discretion,	 clinicopathologic  conditions,	 and	 the	 will-
ingness	 of	 the	 patients.	The	 chemotherapy	 in	 our	 study	
mainly	consisted	of	two	regimens:	(1)	Weekly	cisplatin	for	
two	to	four	cycles	concurrent	chemoradiotherapy	during	
the	EBRT	followed	by	two	cycles	of	intravenous	carbopla-
tin/paclitaxel	 at	 21-	day	 intervals	 after	 radiotherapy.	 (2)	
Intravenous	carboplatin/paclitaxel	at	21-	day	intervals	for	
three	to	six	cycles	after	surgery	and	followed	by	adjuvant	
radiotherapy.

Follow-	up	was	performed	every	3 months	for	the	first	
2 years,	every	6 months	for	the	following	5 years,	and	once	
a	year	thereafter	including	physical	examinations	and	im-
aging	techniques.
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2.3	 |	 Definition of risk classification

All	of	 the	enrolled	patients	were	classified	according	 to	
the	 ESMO–	ESGO–	ESTRO	 classification	 (2016	 version)	
and	 divided	 into	 four	 classes:	 low	 risk	 (LR),	 intermedi-
ate	risk	(IR),	high–	intermediate	risk	(HIR),	and	high	risk	
(HR).13

1.	 LR:	 Stage	 I	 endometrioid	 tumors,	 grade	 1–	2,	 <50%	
MMI,	 LVSI	 negative;

2.	 IR:	Stage	I	endometrioid	tumors,	grade	1–	2,	≥50%	MMI,	
LVSI	negative;

3.	 HIR:	Stage	I	endometrioid	tumors,	grade	3,	<50%	MMI,	
regardless	 of	 LVSI	 status	 or	 Stage	 I	 endometrioid	 tu-
mors,	grade	1–	2,	LVSI	unequivocally	positive,	 regard-
less	of	MMI;	and

4.	 HR:	Stage	I	endometrioid	tumors,	grade	3,	≥50%	MMI,	
regardless	of	LVSI	status,	Stage	II,	non-	endometrioid	
(serous	or	clear-	cell	or	undifferentiated	carcinoma,	or	
carcinosarcoma).

For	subgroup	analysis,	LR	and	IR	were	merged	to	form	
the	“LR–	IR”	group	and	the	HIR	and	HR	were	merged	to	
form	the	“HIR–	HR”	group.

2.4	 |	 Survival outcome and 
recurrence events

The	primary	endpoints	of	 the	study	were	OS,	defined	as	
the	time	from	primary	surgery	to	death	caused	by	any	rea-
son.	Tumor	recurrence,	defined	as	the	time	from	primary	
surgery	 to	 the	date	of	 recurrence,	was	classed	as	 locore-
gional	 (vaginal	 or	 regional)	 recurrence	 and	 distant	 me-
tastasis.	 Local-	regional	 failure-	free	 survival	 (LRFS)	 and	
distant	 metastasis	 failure-	free	 survival	 (DMFS)	 were	 ap-
plied	in	subgroup	analysis.	LRFS	was	calculated	from	the	
date	of	surgery	to	the	date	of	vaginal	stump	recurrence	or	
regional	 lymphatic	drainage	area	failure	or	death	due	to	
any	cause.	DMFS	was	calculated	from	the	date	of	surgery	
to	the	date	of	distant	metastasis	failure	or	death	due	to	any	
cause	or	the	last	follow-	up	time.

Initial	 recurrence	events	were	documented	hierarchi-
cally	 according	 to	 the	 worst	 site	 as	 follows:	 (1)	 vaginal	
recurrence,	defined	as	isolated	recurrence	within	vaginal	
walls	or	vaginal	cuff;	 (2)	 regional	 recurrence,	defined	as	
intrapelvic	 sites,	 pelvic	 lymph	 nodes,	 or	 regional	 lymph	
nodes	including	the	retroperitoneal	nodes	metastasis;	and	
(3)	distant	recurrence,	defined	as	any	recurrence	involving	
a	remote	organ	site	(e.g.,	lung,	liver,	brain,	bone,	and	sub-	
diaphragmatic	lymph	nodes).

Recurrences	 were	 assessed	 by	 physical	 examination	
and	imaging	techniques:	CT,	MRI,	ultrasonography,	bone	

scintigraphy,	and	PET/CT	as	well	as	histological	findings	
if	available.

2.5	 |	 Statistical analysis

The	 distribution	 of	 clinicopathologic	 characteristics	 was	
compared	between	risk	groups	using	the	Kendall's	 tau-	c	
test.	The	Kaplan–	Meier	and	the	log-	rank	test	were	applied	
to	estimate	and	compare	 the	OS	and	distributions	using	
SPSS	(IBM).

The	 cumulative	 risk	 incidence	 of	 recurrence	 pattern	
was	 evaluated	 by	 competing	 risk	 analyses	 (Gray's	 test),	
treating	 initial	 recurrences	 in	 nontarget-	type	 sites,	 and	
death	without	recurrence	as	competing	events.	Competing	
risks	regressions	were	applied	to	estimate	sub-	hazards	ra-
tios	 and	 95%	 confidence	 interval	 (CI)	 adjusted	 for	 other	
factors	such	as	age	and	chemotherapy	to	evaluate	the	as-
sociations	 between	 the	 risk	 of	 a	 specific	 recurrence	 site	
and	 the	 EC	 subclassification	 and	 radiotherapy	 modality.	
The	competing	risk	analysis	and	p-	values	were	calculated	
by	 the	 Wald	 test	 using	 the	 cmprsk	 package	 with	 R	 ver-
sion	 3.0.1	 (R	 Project	 for	 Statistical	 Computing,	 Vienna,	
Austria).

The	cumulative	incidence	curves	were	performed	using	
the	survminer	package	of	R	software	(https://rpkgs.datan	
ovia.com/survm	iner/index.html).	The	colored	stacks	rep-
resented	state	occupation	probabilities	of	the	first	failure	
and	death	events	according	to	each	risk	group	and	radio-
therapy	mode.

The	hazard	rate	function	was	used	to	estimate	the	first	
recurrence	 pattern	 using	 the	 time	 by	 kernel	 smoothing	
method.	p-	values	were	derived	using	two-	sided	tests	and	
values	<0.05	were	considered	statistically	significant.

3 	 | 	 RESULTS

3.1	 |	 Characteristics of the study 
population

Of	 the	 858	 patients	 included,	 LR,	 IR,	 HIR,	 and	 HR	 ac-
counted	for	35.1%,	29.4%,	19.3%,	and	16.2%,	respectively.	
Among	 the	 study	 population,	 312	 (36.4%)	 patients	 re-
ceived	 EBRT	 with	 or	 without	 VBT	 and	 546	 (63.6%)	 pa-
tients	received	VBT	alone.	A	total	of	312	patients	received	
EBRT.	Among	them,	the	number	of	patients	who	received	
3DCRT	and	IMRT	was	122	and	190,	respectively.	For	the	
EBRT	 group,	 the	 range	 of	 cumulative	 EQD2	 using	 the	
linear-	quadratic	 model,	 with	 alpha/beta	 ratios	 of	 10	 for	
target	was	44.25–	50 Gy.	For	the	VBT	alone	group,	the	cu-
mulative	EQD2	was	31.25–	37.5 Gy.	For	 the	EBRT+VBT	
group,	the	cumulative	EQD2	was	56.75–	62.5 Gy.

https://rpkgs.datanovia.com/survminer/index.html
https://rpkgs.datanovia.com/survminer/index.html
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3.2	 |	 Comparison by risk groups

VBT	was	more	commonly	administrated	in	the	LR	and	IR	
groups	than	in	the	HIR	and	HR	groups,	while	patients	in	the	
HR	group	received	EBRT±VBT	more	frequently	(p < 0.001).	
The	distribution	of	MMI,	FIGO	stage,	and	histological	type	
differed	significantly	across	the	risk	classification	and	radio-
therapy	modes	(p < 0.001).	Additionally,	adjuvant	chemo-
therapy	was	administrated	more	frequently	in	HR	and	HIR	
groups	(p < 0.001).	Of	note,	recurrence	was	more	common	
in	the	HR	and	HIR	groups,	and	the	HR	group	had	a	higher	
rate	of	distant	metastasis	and	regional	recurrence	than	the	
other	three	groups	(p < 0.05)	(Table 1).

3.3	 |	 Survival outcomes in 
different subgroups

The	 median	 follow-	up	 period	 was	 59  months	 (range,	 3–	
237 months).	The	5-	year	OS	rates	of	LR,	IR,	HIR,	and	HR	
were	96.1%,	95%,	93%,	and	89.7%,	respectively	(p = 0.011).	
In	the	whole	group,	5-	year	OS	of	the	patients	who	received	
EBRT±VBT	 and	 VBT	 was	 92.7%	 (95%	 CI	 89.4%–	96%)	
and	95.7%	(95%	CI	93.5%–	97.8%),	respectively	(p = 0.081)	
(Figure 1B).	In	the	LR–	IR	group,	the	5-	year	OS	of	patients	
who	 received	 EBRT±VBT	 and	 VBT	 was	 92.9%	 (95%	 CI	
88.4%–	97.4%)	 and	 96.7%	 (95%	 CI	 94.4%–	99.1%),	 respec-
tively	 (p  =  0.066).	 In	 the	 HIR–	HR	 group,	 the	 5-	year	 OS	
was	92.6%	(95%	CI	88%–	96.4%)	and	93.2%	(95%	CI	88.9%–	
97.5%),	respectively	(p = 0.999).	Comparisons	between	the	
two	radiotherapy	modes	in	more	subgroups	are	presented	
in	Table	S3.

The	 5-	year	 OS	 of	 patients	 with	 recurrence	 decreased	
to	 only	 62.2%	 (95%	 CI,	 49.9%–	74.5%),	 whereas	 patients	
without	recurrence	had	a	significantly	higher	5-	year	OS	of	
97.9%	(95%	CI	96.7%–	99.0%)	(p < 0.001)	(Figure 1C).	The	
5-	year	OS	of	patients	with	vaginal,	 regional,	and	distant	
recurrences	were	100%,	74%,	and	53.3%,	respectively	(95%	
CI	37.6%–	69.1%)	(p = 0.031)	(Figure 1D).

3.4	 |	 Recurrence patterns

The	 median	 time	 to	 recurrence	 of	 patients	 with	 relapse	
was	 26  months	 (range	 6–	138).	 During	 follow-	up,	 7.9%	
(68/858)	 of	 patients	 experienced	 recurrence.	 Among	 pa-
tients	with	recurrence,	10.3%	(7/68)	of	patients	had	vagi-
nal	 recurrences,	 25%	 (17/68)	 of	 patients	 had	 regional	
relapses,	and	64.7%	(44/68)	of	patients	had	distant	metas-
tasis.	 The	 proportion	 of	 distant	 failure	 was	 higher	 than	
locoregional	 relapse	 across	 the	 four	 risk	 groups	 (53.8%,	
62.50%,	62.50%,	and	73.90%	for	LR,	IR,	HIR,	and	HR,	re-
spectively).	The	multistate	plots	intuitively	visualized	that	

the	risk	of	distant	metastasis	increased	from	the	LR	to	HR	
group	(Figure 3A).

Table 2	shows	the	5-	year	cumulative	incidence	rates	of	
site-	specific	events	based	on	the	univariate	analysis	com-
peting	risks	analysis.	Table	S1	shows	the	subdistribution	
hazard	rates	and	their	95%	CI	values	from	the	competing	
risks	regression	model,	adjusting	for	age	and	chemother-
apy	received.

No	significant	distribution	was	observed	for	the	vaginal	
and	regional	recurrence	across	the	risk	groups	(p > 0.05).	
The	 5-	year	 cumulative	 incidence	 of	 distant	 recurrence	
was	highest	in	the	HR	group	(14.78%)	followed	by	the	HIR	
(7.71%),	 IR	 (5.27%),	 and	 LR	 (1.26%)	 groups	 (Gray's	 test,	
p < 0.001).	In	competing	risks	regression	analysis,	hazard	
rates	of	distant	metastasis	were	3.78	(95%	CI	1.033–	13.84)	
for	 the	 IR	 group,	 6.02	 (95%	 CI	 1.672–	21.67)	 for	 the	 HIR	
group,	and	12.34	(95%	CI	3.454–	24.11)	for	HIR	group,	rel-
ative	to	the	LR	group	(p < 0.05)	(Table	S1).

Subgroup	 analysis	 to	 compare	 the	 recurrence	 rate	 in	
the	 EBRT±VBT	 and	 VBT	 groups	 showed	 no	 significant	
difference	or	 trend	 for	distant	metastasis,	 irrespective	of	
the	LR–	IR	or	HIR–	HR	group	(p > 0.05).	Notably,	the	lo-
coregional	 rate	 for	 the	 EBRT±VBT	 and	 VBT	 groups	 in	
the	LR–	IR	group	was	2.90%	and	2.46%,	respectively.	And	
the	 hazard	 rate	 of	 patients	 who	 received	 VBT	 was	 0.72,	
relative	 to	 EBRT±VBT	 (p  =  0.61).	 However,	 patients	 in	
the	group	of	HIR–	HR	who	received	VBT	alone	revealed	a	
trend	for	a	higher	locoregional	recurrence	rate	compared	
with	EBRT±VBT	(7.73%	vs.	2.36%,	p = 0.08)	(Table 3).	The	
competing	 risks	 regression	 analysis	 showed	 the	 hazard	
rate	of	locoregional	rate	in	the	VBT	group	was	3.06	(95%	
CI	0.93–	11.30)	relative	to	the	EBRT±VBT	group	(p = 0.08)	
(Table	S2).

3.5	 |	 Time- varying recurrence 
profiles according to risk classes and 
radiotherapy modes

Figure  2	 represents	 the	 hazard	 function	 of	 the	 first	 re-
currence	sites.	For	vaginal	recurrence,	the	HIR	and	HR	
groups	indicated	higher	hazard	rates	and	their	peaks	of	
relapse	lagged	behind	the	LR	and	IR	groups	(Figure 2A).	
For	 regional	 relapse,	 the	 HIR	 group	 presented	 the	 ear-
liest	 peak	 of	 recurrence	 at	 around	 the	 second	 year	
after	 treatment,	 followed	 by	 the	 HR	 group	 peaking	 at	
2.5 years,	whereas	the	LR	and	IR	groups	showed	delayed	
peaks	of	recurrence,	which	noted	at	the	fourth	year	and	
fifth	year,	respectively	(Figure 2B).	As	for	distant	failure,	
the	HR	group	showed	a	higher	magnitude	of	recurrence	
peak	than	the	other	three	groups,	which	early	increased	
from	 the	 sixth	 month,	 reached	 the	 maximum	 peak	 at	
the	 first	 year,	 and	 decreased	 to	 a	 negligible	 level	 after	
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3 years.	HIR	group	revealed	a	lower	hazard	rate	than	the	
HR	group	and	its	peak	of	recurrence	appeared	after	the	
third	year.	It	was	noteworthy	that	the	LR	and	IR	groups	
presented	 late	 metastasis	 behaviors	 with	 the	 peak	 of	

recurrence	appearing	at	nearly	the	fifth	year	after	treat-
ment	(Figure 2C).

In	 the	 subgroup	 analysis	 of	 the	 LR–	IR	 group,	 pa-
tients	who	received	VBT	alone	showed	a	similar	hazard	

T A B L E  1 	 Main	characteristics	of	the	patients

Risk classifications

LR (n = 301) IR (n = 250) HIR (n = 164) HR (n = 143) p*

Age	(years)

<60 213	(70.8%) 135(54.0%) 115	(70.5%) 94	(65.7%) 0.413

≥60 88	(29.2%) 115(46.0%) 49	(29.5%) 49	(35.	1%)

MMI

<50% 299	(99.3%) 4	(1.6%) 122	(74.4%) 57	(39.9%) <0.001

≥50% 2	(0.7%) 246	(98.4%) 42	(26.5%) 86	(60.1%)

LVSI

Negative 301	(100%) 250	(100%) 61	(37.2%) 98	(68.5%) <0.001

Positive 0	(%) 0	(%) 103	(62.8%) 45	(31.5%)

FIGO	stage

Ⅰa 299	(99.3%) 7	(2.8%) 119	(72.6%) 24	(16.8%)

Ⅰb 2	(0.7%) 243	(97.2%) 45	(27.4%) 57	(39.9%) 0.001

Ⅱ 0 0 0 62	(43.4%)

Histological	types

Type	I 300	(99.7%) 248	(99.2%) 162	(98.8%) 100	(69.9%) <0.001

Type	II 1	(0.3%) 2	(0.8%) 2	(1.2%) 43	(30.1%)

Mode	of	surgery

Open	approaches 10	(33.4%) 80	(32%) 47	(28.7%) 47	(32.9%) 0.367

MIS 135	(44.9%) 115	(46%) 101	(61.6%) 62	(43.4%)

Lymphadenectomy

No 100	(33.2%) 96	(38.1%) 30	(18.1%) 38	(27.3%) <0.001

Yes 201	(66.8%) 156	(61.9%) 136	(81.9%) 101	(72.7%)

Radiotherapy	modes

EBRT±VBT 68	(22.6%) 90	(36%) 49	(29.9%) 105	(73.4%) <0.001

VBT 233	(77.4%) 160	(64%) 115	(70.1%) 38	(26.6%)

Adjuvant	chemotherapy

Yes 9	(3.0%) 13	(5.2%) 25	(15.2%) 59	(41.3%) <0.001

No 292	(97%) 237(94.8%) 139	(84.8%) 84	(58.7%)

Adjuvant	treatment

EBRT±VBT+chemo 4	(1.3%) 13	(5.2%) 12	(7.3%) 48	(33.6%) <0.001

VBT+chemo 5	(1.7%) 0 16	(9.8%) 11	(7.7%)

First	recurrent	patterns

Non-	recurrence 288	(95.70%) 234	(93.6%) 148	(90.2%) 120	(83.9%) <0.001

Vaginal 2	(0.7%) 2	(0.8%) 2	(1.2%) 1	(0.7%)

Regional 4	(1.3%) 4	(1.6%) 4	(2.4%) 5	(3.5%)

Distant 7	(2.3%) 10	(6.1%) 10	(6.1%) 17	(11.9%)

Bold	indicates	statistically	significant	p-	value	<0.05.Abbreviations:	chemo,	chemotherapy;	FIGO,	International	Federation	of	Gynecology	and	Obstetrics;	
HIR,	high–	intermediate	risk;	HR,	high	risk;	IR,	intermediate	risk;	LR,	low	risk;	LVSI,	lymph-	vascular	space	invasion;	MIS,	minimally	invasive	surgery;	MMI,	
myometrial	invasion.
*p	are	based	on	the	Kendall's	tau-	c	test.
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rate	 of	 locoregional	 relapse	 with	 the	 EBRT±VBT	
group,	except	with	a	different	shape	and	peak	timing	
of	recurrence	(Figure	S1A).	However,	in	the	HIR–	HR	
group	 of	 patients	 with	 locoregional	 recurrence,	 the	
VBT	group	showed	a	higher	magnitude	of	recurrence	
peaks	 than	 the	 EBRT±VBT	 and	 displayed	 an	 initial	

surge	 at	 the	 second	 year	 and	 a	 second	 small	 peak	
of	 recurrence	 4  years	 after	 treatment	 (Figure	 S1C).	
Figure 3C	also	indicated	that	the	VBT	group	presented	
a	 larger	 probability	 of	 locoregional	 recurrence	 than	
the	EBRT±VBT	group,	but	this	trend	was	not	observed	
in	the	LR–	IR	group.

F I G U R E  1  Kaplan–	Meier	survival	curves:	(A)	the	5-	year	overall	survival	stratified	by	risk	groups;	(B)	the	5-	year	overall	survival	
stratified	by	radiotherapy	modalities;	(C)	patients	with	and	without	recurrence;	and	(D)	patients	with	different	recurrent	patterns

Site of first 
recurrence

LR IR HIR HR

p*n = 301 n = 250 n = 164 n = 143

Vaginal 0.72	(0.72,	
0.73)

0.45	(0.45,	
0.46)

1.64	(1.61,	
1.67)

0.86	(0.85,	
0.88)

0.84

Regional 1.67	(1.66,	
1.68)

2.12	(2.10,	
2.15)

2.50	(2.47,	
2.53)

5.11	(5.00,	
5.21)

0.37

Distance 1.26	(1.25,	
1.27)

5.27	(5.22,	
5.32)

7.71	(7.59,	
7.83)

14.78	(14.55,	
15.02)

<0.001

Abbreviations:	HIR,	high–	intermediate	risk;	HR,	high-	risk;	IR,	intermediate-	risk;	LR,	low-	risk.
*Gray's	test.

T A B L E  2 	 Competing	risks	analysis	
for	5-	year	cumulative	rates	of	recurrence	
according	to	risk	groups

Site of first 
recurrence EBRT±VBT VBT p*

LR–	IR Locoregional 2.90	(2.86,	2.94) 2.46	(2.44,	2.48) 0.60

Distance 3.76	(3.71,	3.82) 2.80	(2.78,	2.82) 0.51

HIR–	HR Locoregional 2.36	(2.32,	2.39) 7.73	(7.59,	7.87) 0.08

Distance 13.13	(12.94,	13.33) 8.02	(7.91,	8.13) 0.30

Abbreviations:	HIR,	high–	intermediate	risk;	HR,	high-	risk;	IR,	intermediate-	risk;	LR,	low-	risk.
*Gray's	test.

T A B L E  3 	 Competing	risks	analysis	
for	5-	year	cumulative	rates	of	recurrence	
according	to	radiotherapy	modality	in	
sub-	risk	group
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4 	 | 	 DISCUSSION

The	present	 study	 innovatively	applied	 the	 time-	varying	
competing	risk	model	and	hazard	function	to	visualize	the	
first	 recurrence	 profiles	 for	 early	 stage	 ECs.	 The	 results	
confirmed	that	main	failure	patterns	significantly	differed	
across	 the	 risk	 groups	 and	 the	 radiotherapy	 modalities.	

Furthermore,	 EBRT±VBT	 showed	 an	 obvious	 trend	 of	
a	 lower	 rate	 of	 locoregional	 recurrence	 than	 VBT	 alone	
in	the	HIR–	HR	group.	Of	importance,	the	recurrence	dy-
namics	depicted	by	hazard	function	indicated	different	bi-
ological	behavior	of	metastases,	which	may	provide	useful	
information	for	guiding	follow-	up	recommendations	and	
for	the	management	of	adjuvant	treatment.

The	 strengths	 of	 our	 study	 lie	 in	 that	 it	 included	 a	
relatively	 large	 cohort	 of	 early	 stage	 ECs	 who	 received	
adjuvant	 radiotherapy	 with	 a	 median	 follow-	up	 of	
59 months,	comprehensive	clinicopathologic	parameters	
were	performed	and	compared.	Our	results	showed	that	
recurrence	 significantly	 impaired  survival.	 Vaginal-	only	
recurrence	 showed	 the	 longest	 survival	 period	 without	
recurrence-	related	death,	while	distant	metastasis	mark-
edly	 impaired survival,	with	the	5-	year	OS	decreasing	to	
53.3%.	The	competing	risk	model	was	employed	to	miti-
gate	the	estimation	bias	and	further	investigate	the	initial	
three	recurrence	failure	patterns.	Compared	with	the	con-
ventional	 Kaplan–	Meier	 or	 Cox	 survival	 analysis	 on	 the	
recurrence	patterns,	which	can	only	deal	with	one	type	of	
event	 independently	 of	 its	 cause,	 competing	 risk	 regres-
sion	can	correct	for	differences	in	intercurrent	death	and	
censoring	because	of	clinical	necessities	 to	estimate	and	
compare	the	cumulative	event-	free	time.9,14	Furthermore,	
the	 hazard	 rate	 function	 can	 provide	 variable-	over-	time	
information	about	the	recurrence	course	to	help	make	in-
ferences	on	the	metastasis	biology	and	adjust	the	adjuvant	
treatment	and	surveillance	regimens.15,16

The	overall	recurrence	rate	was	7.9%,	which	was	con-
sistent	with	those	reported	in	previous	studies.3,8,17	The	5-	
year	OS	of	the	whole	population	was	94.6%	and	declined	
in	 the	 order	 LR	 (96.1%),	 IR	 (95%),	 HIR	 (93%),	 and	 HR	
(89.7%),	 the	 results	 of	 survival	 rate	 were	 slightly	 higher	
than	that	reported	by	Bendifallah	et	al.,	the	5-	year	survival	
rates	were	80.7%	for	the	whole	population,	89.0%	for	LR,	
91.7%	for	IR,	83.2%	for	HIR,	and	67.9%	for	HR	group.8	This	
discrepancy	may	due	to	the	heterogeneity	of	patients,	the	
proportion	of	HR	patients	was	higher	than	our	study	(43%	
vs.	16.6%)	and	only	51%	of	patients	received	radiotherapy	
in	their	study.	And	adjuvant	radiotherapy	which	was	ad-
ministrated	 to	 all	 enrolled	 patients	 in	 the	 present	 study	
improved	 the	 survival	 outcomes	 to	 some	 degree.3,8,18,19	
The	 present	 study	 corroborated	 that	 distant	 metastasis	
was	 more	 common	 than	 locoregional	 relapse	 across	 the	
four	risk	classifications	for	patients	who	received	adjuvant	
radiation,	but	the	trend	was	not	obvious	in	the	LR	group.3	
The	 proportion	 of	 distant	 failure	 was	 53.8%,	 62.50%,	
62.50%,	and	73.90%	in	the	order	of	LR,	IR,	HIR,	and	HR	
groups,	which	were	comparable	to	studies	from	Vizza	et	al.	
and	Creutzberg	et	al.4,20	E.	Vizza	et	al.	enrolled	71.6%	of	
patients	who	received	radiotherapy	and	found	that	distant	
failure	 was	 more	 common	 than	 locoregional	 recurrence	

F I G U R E  2  Hazard	function	plots	representing	failure	sites	
over	follow-	up	time	according	to	the	risk	groups:	(A)	vaginal	
recurrence;	(B)	regional	recurrence;	and	(C)	distant	metastasis
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(64%	 vs.	 36%).	 The	 proportion	 of	 distant	 failure	 in	 the	
LR,	IR,	HIR,	and	HR	groups	was	43.75%,	100%,	75%,	and	
65.2%,	respectively.20	In	contrast	to	the	recurrence	patterns	
reported	in	our	study,	the	most	common	recurrence	sites	
were	vagina	or	regional	areas	in	the	group	of	patients	who	
did	not	receive	adjuvant	radiotherapy.3,8	For	example,	the	
proportions	of	distant	failure	in	the	study	of	Bendifallah	
et	al.	were	27.3%,	37.5%,	33.3%,	and	45.6%	for	LR,	IR,	HIR,	
and	HR	groups,	respectively.	Only	51%	of	patients	in	their	
study	received	radiotherapy.8	Likewise,	Creutzberg	et	al.	
revealed	that	vaginal	recurrences	were	the	most	common	
recurrences	 in	 the	 patients	 without	 radiotherapy,	 while	
more	 relapses	 occurred	 at	 distant	 sites	 for	 patients	 who	
received	 adjuvant	 radiotherapy.4	 In	 addition,	 competing	
risks	analysis	demonstrated	that	risk	classification	did	not	
affect	 vaginal	 or	 regional	 recurrence,	 since	 radiotherapy	
improved	the	locoregional	rate	and	weakened	correlation	
between	risk	groups	and	locoregional	recurrence	risks.21	
Notably,	5-	year	cumulative	distant	failure	rates	gradually	
increased	from	the	LR	to	HR	group	(1.26%,	5.27%,	7.71%,	
and	14.8%),	which	were	similar	to	the	result	of	Bendifallah	
et	al.8	HR	group	showed	the	highest	rate	of	distant	metas-
tases	and	earlier	metastasis	behavior,	highlighting	that	a	
novel	adjuvant	treatment	regimen	is	needed,	such	as	ad-
vancing	the	timing	of	adjuvant	treatment	and	administra-
tion	of	the	system	chemotherapy	for	this	group	of	patients.

An	 important	 highlight	 in	 our	 study	 is	 the	 construc-
tion	 of	 the	 subtype-	dependent	 and	 time-	varying	 model-
ing	of	recurrence.	Our	results	verified	that	most	relapses	
occurred	within	3 years	after	treatment,	which	has	been	
confirmed	by	several	studies.6	Furthermore,	we	found	the	

multiple-	peak	pattern	of	recurrence,	which	differed	across	
the	risk	groups	over	time.	The	closest	related	work	to	our	
study	is	that	of	Bendifallah	et	al.	and	Ignatov	et	al.,	both	
studies	have	explored the	recurrence	patterns	according	to	
the	risk	groups.8,22	Sofiane	Bendifallah	et	al.	demonstrated	
that	the	rate	of	distant	relapse	was	the	highest	in	the	HR	
group	(20.7%)	and	the	rate	of	locoregional	recurrence	was	
higher	in	the	group	of	HR	and	HIR	(24.3%	and	16.6%,	re-
spectively)	than	in	the	group	of	LR	and	IR	(6.5%	and	6.6%,	
respectively).8	These	results	are	comparable	with	the	pres-
ent	 study.	 In	 addition,	 this	 study	 indicated	 the	 different	
peaks	of	recurrence	for	different	risk	groups,	that	patients	
in	the	HR	group	presented	the	highest	hazard	of	distant	
recurrence	within	the	third	year	after	treatment,	whereas	
the	“non-	high-	risk”	groups	(HIR,	IR,	and	LR)	showed	de-
layed	 peaks	 of	 recurrence	 that	 appeared	 beyond	 3  years	
after	 treatment.	The	 interesting	phenomenon	of	delayed	
relapse	was	also	observed	in	lung	and	breast	cancers.23,24	
However,	 plausible	 mechanisms	 for	 the	 late	 recurrence	
behaviors	 have	 not	 been	 clarified.	 Several	 explanations	
have	been	proposed	to	explain	this	phenomenon	in	breast	
cancer	and	lung	cancer,	such	as	tumor	homeostasis,	tumor	
dormancy,	 and	 treatment-	related	 enhancement	 of	 met-
astatic.16,23	 We	 hypothesize	 that	 micrometastases	 in	 the	
unirradiated	areas	proliferated	again	and	developed	recur-
rence	events	after	a	period	of	tumor	dormancy.	The	effect	
seems	to	be	more	pronounced	in	the	group	of	“non-	high-	
risk”	patients,	probably	due	 to	a	 longer	period	of	 tumor	
accumulation.	Besides,	 it	 should	be	noted	 that	10%–	15%	
of	 high–	intermediate	 patients	 harbor	 a	 p53	 mutant	 that	
is	considered	an	independent	prognostic	factor	for	distant	

F I G U R E  3  Multistate	plots	for	risk	occupation	probabilities:	(A)	multistate	based	on	the	risk	groups;	(B)	multistate	based	on	the	
radiotherapy	modes	in	the	LR–	IR	groups;	and	(C)	multistate	based	on	the	radiotherapy	modes	in	the	HIR–	HR	groups.	HIR,	high–	
intermediate	risk;	HR,	high-	risk;	IR,	intermediate-	risk;	LR,	low-	risk
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recurrence.25–	27	Thus,	wide	heterogeneity	within	the	same	
risk	group	may	lead	to	late	metastatic	behavior,	highlight-
ing	the	need	to	differentiate	the	risk	stratification	by	add-
ing	new	biomarkers.27,28

Different	from	the	related	studies,	which	only	reported	
the	 timing	 of	 the	 overall	 recurrence,	 our	 study	 further	
visually	 illustrated	the	risk-	based	and	site-	specific	recur-
rence	 profiles	 via	 hazard	 rate	 function	 and	 multistate	
plots,	 which	 may	 provide	 more	 significant	 information	
on	the	surveillance.	The	routine	follow-	up	schemes	com-
prised	 physical	 examinations,	 such	 as	 gynecological	 ex-
aminations	 and	 imaging.29	 However,	 no	 randomized	 or	
prospective	studies	have	evaluated	the	proper	time	inter-
val	and	screening	tools	personally.	The	overall	vaginal	re-
currence	risk	remained	low,	but	a	late	increase	in	hazard	
rate	was	observed	in	the	HIR	and	HR	groups	with	the	peak	
time	appearing	at	3	and	4.1 years,	respectively,	suggesting	
that	 gynecological	 examination	 should	 not	 be	 dispens-
able	at	each	time	follow-	up	even	after	3 years	for	HIR–	HR	
patients.	 Furthermore,	 considerable	 attention	 should	
be	 paid	 to	 delay	 vaginal	 bleeding.	 The	 patients	 in	 the	
HR	group	developed	early	metastasis	behaviors	and	sur-
vived	the	highest	 levels	of	distant	metastasis	rate	within	
the	3 years	after	 the	end	of	 treatment,	highlighting	 that	
an	 intense	 follow-	up	 is	needed	 for	 the	HR	group	during	
this	period.	Furthermore,	 late	metastasis	behaviors	were	
observed	in	“non-	high-	risk”	groups	(LR,	IR,	and	HIR),	a	
prolonged	follow-	up	interval	and	whole-	body	assessment	
including	CT	of	thorax	or	PET	imaging	may	be	beneficial.	
Since	 20%	 of	 distant	 metastasis	 can	 achieve	 a	 long-	term	
cure	if	it	can	be	diagnosed	and	managed	at	the	localized	
or	oligo-	metastasis	status.2

Our	 subgroup	 analysis	 showed	 that	 patients	 in	 the	
HIR–	HR	group	who	received	VBT	alone	had	an	obvious	
trend	 of	 higher	 locoregional	 recurrence	 than	 those	 who	
received	EBRT±VBT	(7.73%	vs.	2.36%,	Gray	test	p = 0.08),	
the	recurrence	rate	was	similar	to	previous	trials	reported	
in	which	varied	between	2%	and	7%.18	We	further	added	
specific	indicators	such	as	cN0/pN0,	LVSI+/−,	and	stage	
Ⅰb	grade	3	into	sub-	risk	group	analysis.	In	the	HR	group,	
patients	in	EBRT±VBT	showed	the	trends	toward	higher	
5-	year	OS,	LRFS,	and	DMFS	compared	to	VBT	alone,	es-
pecially	 in	 LVSI+,	 pN0,	 and	Ⅰb	 grade	 3	 groups,	 but	 all	
of	these	differences	did	not	reach	statistical	significance,	
which	 is	similar	 to	prior	studies.5,30	Several	studies	have	
demonstrated	 that	 EBRT	 can	 reduce	 locoregional	 recur-
rence	but	the	increased	local	control	did	not	translate	into	
a	 survival	 benefit.18,31	 Thus,	 VBT	 alone	 is	 currently	 rec-
ommended	for	IR	or	HIR	group	of	patients.	However,	the	
optimal	adjuvant	treatment	for	the	HR	group	of	patients	
remains	controversial.29,32	We	did	not	identify	a	subgroup	
of	 patients	 who	 would	 significantly	 benefit	 from	 EBRT,	
partly	 due	 to	 the	 high	 heterogeneity	 and	 relatively	 low	

proportion	of	patients	in	the	HR	group,	indicating	the	im-
portance	of	the	addition	of	molecular	indicators	to	further	
refine	the	stratification.	In	addition,	our	results	revealed	
recurrence	profiles	in	different	radiotherapy	modes	from	
the	perspective	of	 recurrence	dynamics.	 In	 the	HIR–	HR	
group,	patients	who	received	VBT	revealed	a	higher	haz-
ard	 of	 locoregional	 recurrence	 and	 a	 shape	 of	 “double	
peak”	compared	to	patients	who	received	EBRT,	suggest-
ing	that	EBRT	reduced	local	recurrence	(Figure	S1).	It	is	
noteworthy	that	the	VBT	group	exhibited	delayed	relapse	
behaviors,	possibly	due	to	micrometastasis	in	the	unirra-
diated	 pelvic	 lymphatic	 drainage	 area.	 Based	 on	 this,	 it	
may	 be	 beneficial	 to	 extend	 the	 follow-	up	 appropriately	
for	this	group	of	patients.

The	limitation	of	this	study	is	its	retrospective	obser-
vational	nature.	Thus,	these	results	should	be	interpreted	
prudently.	 Metzger-	Filho	 et	 al.	 found	 that	 the	 time-	
dependence	of	an	event	should	be	observed	over	a	longer	
follow-	up	in	case	the	effect	 is	overlooked.33	Their	study	
performed	 a	 relatively	 long-	term	 retrospective	 study,	
but	 the	 changes	 in	 indications	 for	 adjuvant	 treatment	
regimens	 and	 approaches	 during	 the	 long-	term	 course	
should	 also	 be	 noted.	 We	 classified	 the	 failure	 pattern	
into	roughly	 three	 types,	which	 is	consistent	with	most	
previous	relevant	studies	and	did	not	further	classify	ac-
cording	to	the	specific	site	and	analyze	the	relationship	
between	 the	 organ-	specific	 and	 risk	 classification	 since	
the	 number	 of	 overall	 recurrence	 events	 was	 relatively	
small.9,10	 Future	 studies	 should	 focus	 on	 site-	specific	
recurrence	 patterns	 from	 the	 perspective	 of	 molecular	
classification.

5 	 | 	 CONCLUSIONS

The	present	study	demonstrated	 that	 the	patterns	of	 the	
initial	 failure	 recurrence	 differed	 widely	 between	 risk	
groups	and	radiotherapy	modalities	over	time,	reinforcing	
the	need	for	a	refined	stratification	and	adjustment	of	sur-
veillance	schemes.
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